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JOINT SERVICES ELECTRONICS PROGRAM

FINAL REPORT
May 1987 - May 1990

DIRECTOR'S OVERVIEW

The Joint Services Electronics Program (JSEP) is an important part of the electronics
research at the University of California, Berkeley. JSEP is particularly important to the
development of new research directions and new faculty investigators. It also provides much
needed support for the more basic electronics research. Furthermore, JSEP has encouraged
collaborative research involving multiple principal investigators per project.

Over the period May 1987 to May 1990 JSEP has supported 20 faculty investigators, 57
students and produced 65 publications in journals or conference proceedings, 14 Ph.D. degrees
and 22 M.S. degrees.

The research program is organized into two themes: high-speed wide-band elements for
high frequency electronics, and new architecture for parallel computation. Under the program,
several important new phenomena were discovered for highly scaled MOSFETs and the word's
fastest room temperature silicon transistor (22ps, fastest for either bipolar or MOS transistors)
was fabricated. Nonlinear guided-wave devices such as optical correlator and spectrometer
were created. Techniques for achieving tolerance and efficient programming in artificial neural
networks were found.

The most productive work units of the present program will be expanded and continued
in the next three-year JSEP contract. The new program is organized around three themes:
quantum electronics, electronic devices, and neural networks.
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STUDENTS PARTIALLY OR FULLY SUPPORTED BY JSEP: DEGREES AWARDED

Student Degree Year

Behtash, Saman Ph.D. 88
Boot~he, Robert M.S. 89
B runs, Michael M.S. 89
Casinovi, Giorgio Ph.D. 88
Chang, Hasn Ph.D. 88
Chang, Hua-Chen Ph.D. 90
Chen, Jian M.S. 88
Chinrungrueng,Chesada M.S. 89
Chung, James M.S. 88
Cieslak, Randall Ph.D. 88
Cline, David M.S. 89
Fang, Jiayuan Ph.D. 89
Fawaz, Ayma Ph.D. 88
George, Peter M.S. 87
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Hsin, We M.S. 87
Hu, Victor M.S. 88
Lee, Henry Ph.D. 89
Lee, Huey M.S. 89
Lo, Yu-Hwa Ph.D. 87
Moon, James M.S. 88
Moroney, Richard M.S. 88
Murray, Richard M.S. 88
Osofsky, Sam M.S. 87
Pai, Pei-lin Ph.D. 87
Pister, Kris M.S. 89
Raghunath, Mandayam M.S. 88
Raman, Shankar M.S. 88
Scheckler, Ed M.S. 88
Song. Joon Ph. D. 88
Tsay, Jcnngang M.S. 89
Tsay, Rcn-Song Ph.D. 89
Vakhshoori, Daryoosh Ph.D. 89
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14 Ph.D.'s and 22 M.S.'s
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PUBLICATIONS/PRESENTATIONS
May 87 - May 90

Hu

T.Y. Chan, J. Chen, P.K. Ko and C. Hu, "The Impact of Gate-Induced Drain Leakage Current
on MOSFET Scaling," presented at the IEEE Electron Device Meeting, Washington, D.C.,
December 6-9, 1987.

J. Chen, T.Y. Chan, I.C. Chen, P.K. Ko and C. Hu, "Subbreakdown Drain Leakage Current in
MOSFET," IEEE Electron Device Letters, Vol. EDL-8, No. 11, November 1987, pp. 515-517.

J. Chen, T.-Y. Chan, P.K. Ko and C. Hu, "Gate Current in Off-State MOSFET," IEEE Elec-
tron Device Letters, Vol. 10, No. 5, May 1989, pp. 203-205.

J. Chung, M.-C. Jeng, J.E. Moon, P.K. Ko, and C. Hu, "Low-Voltage Hot-Electron Currents
and Degradation in Deep-Submicrometer MOSFETs," 27th Annual Proceedings, Reliability
Physics 1989, Phoenix, Arizona, 1989, pp. 92-97.

J. Chung, M.-C. Jeng, J. E. Moon, A. T. Wu, T. Y. Chan, P. K. Ko, and C. Hu, "Deep-
Submicrometer MOS Device Fabrication Using a Photoresist-Ashing Technique," IEEE Elec-
tron Device Letters, Vol. 9, No. 4, April 1988.

J. Chung, M.-C. Jeng, G. May, P. K. Ko, and C. Hu, "Intrinsic Transconductance Extraction
for Deep-Submicron MOSFETs," IEEE Trans. Electron Devices, Vol. 36, No. 1, January 1989,
pp. 140-142.

J. Chung, M. C. Jeng, G. May, P. K. Ko, and C. Hu, "Hot Electron Currents in Deep Submi-
cron MOSFETs," Technical Digest of International Electron Devices Meeting (IEDM). San
Francisco, December 1988, pp. 200-203.

Y. Fong, A.T. Wu, and C. Hu, "Oxides Grown on Textured Single-Crystal Silicon -- Depen-
dence on Process and Application of EEPROMs," IEEE Trans. on Electron Devices, Vol. 77,
No. 3, March 1990, pp. 583-590.

Y. Fong, A.T. Wu, P.K. Ko, C. Hu, "Oxides Grown on Textured Single- Crystal Silicon for
Enhanced Conduction, Appl. Phys. Lett., Vol. 52, No. 14, pp. 1139-11 -11, April 1988.

P. George, P.K. Ko and C. Hu, "Simulating the Effects of Single-Event and Radiation
Phenomena on GaAs MESFET Integrated Circuits," Proceedings of the IEEE 1989 Custom
Integrated Circuits Conference, San Diego, California, May 1989, pp. 9.7.1-9.7.4.

P. George, P.K. Ko, and C. Hu, "Modeling the Substrate Depletion Region for GaAs FETs
Fabricated on Semi-Insulating Substrates," Solid-State Electronics, Vol. 32, No. 2, pp. 165-168,
1989.

P. George, P.K. Ko and C. Hu, "GaAs MESFET Model for Circuit Simulation," Int. .1. Elec-
tronics, 1989, Vol. 66, No. 3, 379-397.
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M.-C. Jeng, J. Chung, A.T. Wu, T.Y. Chan, J. Moon, G. May, P.K. Ko, and C. Hu, "Perfor-
mance and Hot-Electron Reliability of Deep-Submicron MOSFET's, presented at IEEE Elec-
tron Device Meeting, Washington, D.C., December 6-9, 1987.

M.-C. Jeng, J. Chung, J. E. Moon, G. May, P. K. Ko, and C. Hu, "Design Guidelines for
Deep-Submicrometer MOSFETS," Technical Digest of International Electron Devices Meeting
(IEDM), San Francisco, December 1988, pp. 386-389.

S. Holland, I.C. Chen, and C. Hu, "Ultra-Thin Silicon-Dioxide Breakdown Characteristics of
MOS Devices with n+ and p+ Polysilicon Gates," IEEE Electron Device Letters, Vol. EDL-8,
No. 12, December 1987, pp. 572-575.

K. Hui, C. Hu, P. George, and P.K. Ko, "Impact Ionization in GaAs MESFETs," IEEE Elec-
tron Device Letts., Vol. 11, No. 3, March 1990, pp. 113-115.

R. Moazzami, C. Hu, and W H. Shepherd, "Electrical Conduction and Breakdown in Sol-Gel
Derived PZT Thin Films," 1990 International Reliability Physics Symposium Proceedings, New
Orleans, Louisiana, March 1990, pp. 231-236.

J.F. Moon, T. Garfinkel, J. Chung, M. Wong, P.K. Ko, and C. Hu, "A New LDD Structure:
Total Overlap with Polysilicon Spacer (TOPS)," IEEE Electron Device Letters, Vol. 11, No. 5,
May 1990, pp. 221-223.

T.-C. Ong, P.K. Ko, and C. Hu, "Modeling of Substrate Current in p-MOSFET's," IEEE Elec-
tron Device Letters, Vol. EDL-8, No. 9, September 1987, 413-416.

T.-C. Ong, P.K. Ko, and C. Hu, "EEPROM as an Analog Memory Device, IEEE Trans. on
Electron Devices, Vol. 36, No. 9, September 1909, pp. 184G-18 1I.

T.-C. Ong, K. Seki, P. K. Ko, and C. Hu, "Hot-Carrier Induced Degradation in P-MOSFET's
Under AC Stress," IEEE Electron Device Letters, Vol. 9, No. 5, May 1988, pp. 211-213.

T.-C. Ong, K. Seki, P.K. Ko, and C. Hu, "P-MOSFET Gate Current and Device Degradation,"
27th Annual Proceedings, Reliability Physics, 1989, Phoenix, Arizona, April 1989, pp. 178-182
and also published in Proceedings of the 1989 International Symposium on VLSI Technology,
Systems and Applications, Taipei, Taiwan, R.O.C., May 1989, pp. 193-196.

Ko

T.Y. Chan, J. Chen, P.K. Ko and C. Hu, "The Impact of Gate-Induced Drain Leakage Current
on MOSFET Scaling," presented at the IEEE Electron Device Meeting, Washington, D.C.,
December 6-9, 1987.

I. Chen, T.Y. Chan, I.C. Chen, P.K. Ko and C. Hu, "Subbreakdown Drain Leakage Current in
MOSFET," IEEE Electron Device Letters, Vol. EDL-8, No. 11, November 1987, pp. 515-517.

J. Chen, T.-Y. Chan, P.K. Ko and C. Hu, "Gate Current in Off-State MOSFET," IEEE Elec-
tron Device Letters. Vol. 10, No. 5, May 1989, pp. 203-205.

J. Chung, M.-C. Jcng, J.E. Moon, P.K. Ko, and C. Hu, "Low-Voltage Hot-Electron Currents
and Degradation in Deep-Submicrometcr MOSFETs," 27th Annual Procecdings. Rclia ilitY
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Physics 1989, Phoenix, Arizona, 1989, pp. 92-97.

j. Chung, M.-C. Jeng, J. E. Moon, A. T. Wu, T. Y. Chan, P. K. Ko, and Chenming Hu,
"Deep-Submicrometer MOS Device Fabrication Using a Photoresist-Ashing Technique," IEEE
Electron Device Letters, Vol. 9, No. 4, April 1988.

J. Chung, M.-C. Jeng, G. May, P. K. Ko, and C. Hu, "Intrinsic Transconductance Extraction

for Deep-Submicron MOSFETs," IEEE Trans. Electron Devices, Vol. 36, No. 1, January 1989,
pp. 140-142.

J. Chung, M. C. Jeng, G. May, P. K. Ko, and C. Hu, "Hot Electron Currents in Deep Submi-

croir MOSFETs," Technical Digest of International Electron Devices Meeting (IEDM), San
Francisco, December 1988, pp. 200-203.

Y. Fong, A.T. Wu, P.K. Ko, C. Hu, "Oxides Grown on Textured Single- Crystal Silicon for
Enhanced Conduction, Appl. Phys. Lett., Vol. 52, No. 14, pp. 1139-1141, April 1988.

P. George, P.K. Ko and C. Hu, "Simulating the Effects of Single-Event and Radiation
Phenomena on GaAs MESFET Integrated Circuits," Proceedings of the IEEE 1989 Custom
Integrated Circuits Conference, San Diego, California, May 1989, pp. 9.7.1-9.7.4.

P. George, P.K. Ko, and C. Hu, "Modeling the Substrate Depletion Region for GaAs FETs
Fabricated on Semi-Insulating Substrates," Solid-State Electronics, Vol. 32, No. 2, pp. 165-168.
1989.

P. George, P.K. Ko and C. Hu, "3aAs MESFET Model for Circuit Simulation," Int. J. Elec-
tronics, 1989, Vol. 66, No. 3, 379-397.

V. Hu, A. Kramer and P.K. Ko, "EEPROM as an Analog Storage Device for Neural Net-
works", 1st International Neural Network Society Meeting, Boston, Massachusetts, September
1988.

M.-C. Jeng, J. Chung, A.T. Wu. T.Y. Chan, J. Moon, G. May, P.K. Ko, and C. Hu, "Perfor-
mance and Hot-Electron Reliability of Deep-Submicron MOSFET's, presented at IEEE Elec-
tron Device Meeting, Washington, D.C., December 6-9, 1987.

M.-C. Jeng, J. Chung, J. E. Moon, G. May, P. K. Ko, and C. Hu, "Design Guidelines for
Deep-Submicrometer MOSFETS," Technical Digest of International Electron Devices Aeeting
(IEDM), San Francisco, December 1988, pp. 386-389.

A. Kramer, V. Hu, C.K. Sin, B. Gupta, R. Chu, and P.K. Ko, "EEPROM Device as a
Reconfigurable Analog Element for Neural Networks," Technical Digest of the 1989 Interna-
tional Electron Device Meeting, Washington, D.C., December 1989, p. 259.

J.E. Moon, T. Garfinkel, J. Chung, M. Wong, P.K. Ko, and C. Hu, "A New LDD Structure:
Total Overlap with Polysilicon Spacer (TOPS)," IEEE Electron Device Letters. Vol. 11, No. 5,
May 1990, pp. 221-223.

T.-C. Ong, P.K. Ko, and C. Hu, "Modeling of Substrate Current in p-MOSFET's," IEEE Elec-
tron Device Letters, Vol. EDL-8, No. 9, September 1987, 413-416.
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T.-C. Ong, P.K. Ko, and C. Hu, "EEPROM as an Analog Memory Device, IEEE Trans. on
Electron Devices, Vol. 36, No. 9, September 1989, pp. 1840-1841.

T.-C. Ong, K. Seki, P. K. Ko, and C. Hu, "Hot-Carrier Induced Degradation in P-MOSFET's
Under AC Stress," IEEE Electron Device Letters, Vol. 9, No. 5, May 1988, pp. 211-213.

T.-C. Ong, K. Seki, P.K. Ko, and C. Hu, "P-MOSFET Gate Current and Device Degradation,"
27th Annual Proceedings, Reliability Physics, 1989, Phoenix, Arizona, April 1989, pp. 178-182
and also published in Proceedings of the 1989 International Symposium on VLSI Technology,
Systems and Applications, Taipei, Taiwan, R.O.C., May 1989, pp. 193-196.

Kuh

A. Srinivasan, and E.S. Kuh, "MOLE -- A Sea-of-Gates Detailed Router," Proceedings of
European Design Automation Conference, pp. 446-450, March 1990.

Ren-Song Tsay, Ernest S. Kuh and Chi-Ping Hsu, "Proud: A Sea- of-Gates Placement Algo-
rithm," IEEE Design and Test of Computers, Vol. 5, No. 6, pp. 44-56, Dec. 1988.

Mei

J. Fang and K.K. Mei, "A Super-Absorbing Boundary Algorithm for Solving Electromagnetic
Problems by Time-Domain Finite-Difference Method," 1988 IEEE AP-S International Sympo-
sium, Syracuse, New York, June 6-10, 1988, pp. 472-475.

J. Fang and K.K. Mei, "A Higher Order Finite Difference Sclicioc for the Solution of
Maxwell's Equations in the Time Domain," presented at the IEEE AP-S, USNC/URSI Interna-
tional Symposium, June 26, 1989.

J. Fang and K.K. Mei, "Absorbing Boundary Conditions for the Time Domain Finite
Difference Solution of Maxwell's Equations," presented at the IEEE AP-S, USNC/URSI Inter-
national Symposium, June 26, 1989.

T.M. Kvam, K.K. Mei, and D.J. Angelakos, "Experimental Verification of Computation of
Scattering by Flush-Buried Objects," IEEE Transactions on Antennas and Propagation. Vol.
37, No. 4, April 1989, pp. 509-512.

G.C. Liang, Y.W. Liu, and K.K. Mei, "Propagation Properties of a Superconductive Stripline,"
presented at the IEEE AP-S International Symposium, May 1990.

K K. Mei, G.C. Liang, and T. Van Duzer, "Electromagnetics of Superconductors," IEEE AP-S
International Symposium Digest, San Jose, California, June 26-30, 1989.

X. Zhang, J. Fang, K. Mei, and Y. Liu, "Calculations of the Dispersive Characteristics of
Microstrips by the Time-Domain Finite Difference Method," IEEE Transactions on Microwave
Theory and Techniques, Vol. 36, No. 2, February 1988.

X. Zhang and K. Mei, "Time-Domain Finite Difference Approach for the Calculation of
Microstrip Open-Circuit End Effect," IEEE MTT Symposium 1987, New York, New York.
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Neureuther

E.W. Scheckler, D.E. Lyons, A.R. Neurcuther, W.G. Oldham, "Process Simulation and Experi-
ment for RC-Parasitics in Multilevel Metallization," Proceedings IEEE VLSI Multilevel Inter-
connection Conference, Santa Clara, California, June 1989, p. 130-137.

H.C. Wu, A.S. Wong, Y.L. Koh, E.W. Scheckler, and A.R. Neurcuther, "Simulated Profiles
From the Layout - Design Interface in X (SIMPL-DIX), IEDM Technical Digest, December
1988.

Oldham

E.W. Scheckler, D.E. Lyons, A.R. Neureuthcr, W.G. Oldham, "Process Simulation and Experi-
ment for RC-Parasitics in Multilevel Metallization," Proceedings IEEE VLSI Multilevel Inter-
connection Conference, Santa Clara, California, June 1989, p. 130-137.

San giovanni-Vincentelli

A. Kramer and A. Sangiovanni-Vincentelli, "Efficient Parallel Learning Algorithms for Neural
Networks" Proc. of the 1988 IEEE Conf. on Nfeural Information Processing Systems-Natural
and Synthetic, Morgan Kauffman Publishers, San Mateo, CA, 1989.

A. Kramer, "Learning Despite Distribution Drift," in Proc. of the 1988 Connectionist Models
Summer School pages 38-5 1, Morgan Kaufmann Publishers, San Mateo, CA, 1989.

B. Moore, M. Fogaca, and A. Kramer, "Characterizing the Error Function of a Neural Net-
work," Proceedings of the 1988 Conference on Massively Parallel Processing, (publisher unk-
nown, conference held at George Mason University Fairfax, VA in October 1988.)

Sastry

N. Nordstrom, "Parameter Convergence and Stability in Continuous-Time Indirect Adaptive
Control," Proceedings of the IFAC Workshop, Newcastle, Australia, August 22-24, 1988, pp.
11-14.

Schwarz

J. Tsay, S.E. Schwarz, S. Raman and J.S. Smith, "Multi-domain Gunn Diodes," Microwave
and Optical Technology Letters, February, 1990.

Smith

P.J. Harshman, K.J. Malloy and AlInAs, J. Walker, S. Wang and J.S. Smith, "MBE Growth of
High Quality (III)B GaAs, GaInAs and AlInAs," presented at the Materials Research Society,
1990 Spring Meeting, and to be published in the MRS Symposium Proceedings.

H. P. Lee, Y.-H. Huang, X.-M. Liu, H. Lin, J. S. Smith, E. R. Weber, P. Yu, S. Wang, and Z.
Liliental-Weber, "Photoluminescence and Transmission Electron Microscopy Studies of

Selective-Area Molecular Beam Epitaxy of GaAs Film on Si and Tensile Stress Relief by
Chemical Etching of GaAs on Si Sample," MRS Symposium Proceedings. Vol. 116, pp. 219
(1988).
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J. Tsay, S.E. Schwarz, S. Raman and J.S. Smith, "Multi-domain Gunn Diodes," Microwave
and Optical Technology Letters, February, 1990.

H. P. Lee, Y. H. Huang, X. M. Liu, H. Lin, J. S. Smith, E. R. Weber, P. Yu, S. Wang, Z.
Liliental-Weber and Y. Z. Huang. "Tensile Stress Variation of Chemically Etched GaAs Film
Grown on Si Substrate," Appl. Phys. Lett., 53, 2394, 1988.

D. Vakhshoori, J. Walker, S. Wang, J. S. Smith, C. E. Soccolich and M. N. Islam, "Integrable
Optical Correlator, Its Temporal Resolution, Spectral Response and Power Sensitivity,"
accepted for publication in Appl. Phys. Lett.

D. Vakhshoori, J. Walker, S. Dijaili, S. Wang, and J.S. Smith, "Integrable Parametric
Waveguide Spectrometer -- A Nonlinear Optical Device Capable of Resolving Modes of Sem-
iconductor Lasers," Appl. Phys. Lett., 55(12), September 18, 1989, pp. 1164-1166.

D. Vakhshoori, J. Walker, S. Wang, JS. Smith, C.E. Soccolich and M.N. Islam, "Integrable
Optical Correlator: Its Temporal Resolution, Spectral Response, and Power Sensitivity," Appl.
Phys. Lett., 54 (2), May 1, 1989, pp. 1725-1727.

Van Duzer

K.K. Mei, G.C. Liang, and T. Van Duzer, "Electromagnetics of Superconductors," IEEE AP-S
International Symposium Digest, San Jose, California, June 26-30, 1989.

Varaiya

A. Gollu and P. Varaiya, "Hybrid Dynamical Systems," Proceedings of the IEEE Conference
on Decision and Control 1989, Tampa, Florida, December 1989.

K. lnan and P. Varaiya, "Algebras of Discrete Event Models," Proceedings of the IEEE, Vol.
77, No. 1, January 1989, pp. 24-38.

K. Inan and P. Varaiya, "Finitely Recursive Process Models for Discrete Event Systems,"
IEEE Transactions on Automatic Control, Vol. AC-33(7), pp. 210-220, July 1988.

Wang

P.J. Harshman, K.J. Malloy and AlInAs, J. Walker, S. Wang and J.S. Smith, "MBE Growth of
High Quality (III)B GaAs, GaInAs and AlInAs," presented at the Materials Research Society,
1990 Spring Meeting, and to be pub 1ished in the MRS Symposium Proceedings.

Y. Huang, P.Y. Yu, M.-N. Charasse, Y. Lo, and S. Wang, "Raman Study of an Epitaxial
GaAs Layer on a Si( 1001 Substrate," Appl. Phys. Lett., 51 (3), July 20, 1987, pp. 192-194.

Y. Huang, P.Y. Yu, H. Lee and S. Wang, "Characterization of GaAs Film Grown on Si Sub-
strate by Photoluminescence at 77K," Appl. Phys. Lett. 52 (7), February 15, 1988, pp. 579-
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H.P. Lee, S. Wang, Y-H. Huang, and Peter Yu, "Photolumincscence Studies of Selective-Area
Molecular Beam Epitaxy of GaAs Film on Si Substrate," Appl. Phys. Lett. 52 (3). January 18.
1988, pp. 215-217.
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Liliental-Weber and Y. Z. Huang. "Tensile Stress Variation of Chemically Etched GaAs Film
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X.-M. Liu, H. P. Lee, S. Wang, T. George, E. Weber, and Z. Liliental-Weber, "MBE Growth
and Characterization of GaAs on InP with Different Buffer Structures, by Molecular Beam
Epitaxy," MRS Symposium Proceedings, Vol. 148, pp. 297-302, 1989.
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Mesas of Trenched Si Substrate by Molecular Beam Epitaxy, Electronics Ltters. Vol. 26. pp.
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